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A power plug locking device arranged in a vehicle includes a 
lock member moved between a lock position, in which the 
lock member prohibits removal of a power plug from a 
vehicle inlet, and an unlock position, in which the lock mem 
ber permits removal of the power plug from the vehicle inlet. 
A drive source is activated to move the lock member from the 
lock position to the unlock position. An unlock Switch is 
manually operated to move the lock member to the unlock 
position. An unlock circuit activates the drive source to move 
the lock member to the unlock position when the operation of 
the unlock Switch and an unlock state of a vehicle door are 
both detected. 
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Fig. 1 
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Fig. 4 
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Fig. 5 
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POWER PLUG LOCKING DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the ben 
efit of priority from prior Japanese Patent Application No. 
2011-212661, filed on Sep. 28, 2011, the entire contents of 
which are incorporated herein by reference. 

FIELD 

0002 The present invention relates to a power plug lock 
ing device that prevents unauthorized removal of a power 
plug. 

BACKGROUND 

0003 Vehicles powered by motors, such as hybrid 
vehicles and electric vehicles, have become popular. Such a 
motor is powered by a rechargeable battery that is charged 
whenever the state of charge becomes low (refer to Japanese 
Laid-Open Patent Publication No. 9-161898). 
0004 Battery charging is performed by connecting a 
power plug to the vehicle. The charging requires a relatively 
long period of time. Accordingly, Japanese Laid-Open Patent 
Publication No. 2009-08917 describes a power plug locking 
device that prohibits unauthorized removal of the power plug 
from the vehicle. 
0005. The power supply locking device of the 917 publi 
cation Switches from a lock state to an unlock state when the 
vehicle doors are unlocked. 

SUMMARY 

0006. However, when the power plug locking device is in 
the lock state and the vehicle doors are unlocked, to return the 
power plug locking device to the unlock state, the unlocked 
vehicle doors must first be locked and then unlocked. This is 
burdensome. Further, the person charging the battery may 
wish to unlock the vehicle doors while keeping the power 
plug locking state in the lock State. However, the power plug 
locking device is automatically Switched to the unlock state 
when the vehicle doors are unlocked. 
0007. One aspect of the present invention is a power plug 
locking device arranged in a vehicle. The power plug locking 
device includes a lock member moved between a lock posi 
tion, in which the lock member prohibits removal of a power 
plug from a vehicle inlet, and an unlock position, in which the 
lock member permits removal of the power plug from the 
vehicle inlet. A drive source is activated to move the lock 
member from the lock position to the unlock position. An 
unlock Switch is manually operated to move the lock member 
to the unlock position. An unlock circuit that activates the 
drive source to move the lock member to the unlock position 
when the operation of the unlock switch and an unlock state of 
a vehicle door are both detected. 
0008 Another aspect of the present invention is a power 
plug lock device used with a vehicle inlet connected to a 
power plug that supplies a vehicle with power. The power 
plug lock device includes a lock member moved between a 
lock position, which prohibits removal of the power plug 
from the vehicle inlet, and an unlock position, which permits 
removal of the power plug from the vehicle inlet. A drive 
source is activated when the lock member is moved from the 
lock position to the unlock position. An unlock Switch outputs 
an unlock signal when the lock member is manually moved to 
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the unlock position. An unlock circuit, which is coupled to the 
unlock switch and the drive source, activates the drive source 
to move the lock member to the unlock position upon receipt 
of the unlock signal from the unlock switch when a vehicle 
door is unlocked. 
0009. Other aspects and advantages of the present inven 
tion will become apparent from the following description, 
taken in conjunction with the accompanying drawings, illus 
trating by way of example the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. The invention, together with objects and advantages 
thereof, may best be understood by reference to the following 
description of the presently preferred embodiments together 
with the accompanying drawings in which: 
0011 FIG. 1 is a block diagram illustrating a vehicle 
including a power plug locking device according to a first 
embodiment of the present invention; 
0012 FIG. 2 is a perspective view illustrating a power plug 
and an inlet; 
(0013 FIGS. 3A and 3B are side views, partially in cross 
section, illustrating the power plug and the inlet; 
0014 FIG. 4 is an exploded perspective view of the power 
plug locking device; 
0015 FIG. 5 is a plan view illustrating the layout of com 
ponents in the power plug locking device; 
0016 FIG. 6 is a side view illustrating the power plug 
locking device in an unlock state; 
10017 FIGS. 7A and 7B are a side view and a front view 
illustrating a lock mechanism in the unlock State; 
0018 FIG. 8 is a side view illustrating the power plug 
locking device in a lock state; 
0019 FIGS. 9A and 9B are a side view and a front view 
illustrating the lock mechanism in the lock state; 
0020 FIG. 10A is a perspective view illustrating a rotation 
member in the lock state; 
0021 FIG. 10B is a perspective view illustrating the rota 
tion member when the lock state is switched to the unlock 
State; 
0022 and 
0023 FIGS. 11A, 11B, and 11C are schematic diagrams 
illustrating a power plug locking device according to a second 
embodiment of the present invention; and 
0024 FIGS. 12A and 12A are schematic diagrams illus 
trating a power plug locking device of another example. 

DESCRIPTION OF THE EMBODIMENTS 

0025. A power plug locking device according to one 
embodiment of the present invention will now be described. 
(0026. With reference to FIG. 1, a hybrid vehicle 1 includes 
a hybrid system 4 that uses an engine 2 and a motor 3 to 
generate power that rotates the vehicle wheels. The hybrid 
system 4 includes a battery 5 that serves as a power supply for 
the motor 3. The vehicle 1 is operated in various modes, such 
as a mode in which the vehicle 1 is driven by the motor 3 while 
generating power with the engine 2, a mode in which the 
vehicle 1 is driven by both the engine 2 and the motor, and a 
mode in which the vehicle 1 is driven by only the motor 3. 
0027. A wireless key system 7 is installed in the vehicle 1. 
The wireless key system 7 performs ID verification to lock 
and unlock the vehicle doors when receiving a signal from a 
wireless key 6. In one example, the wireless key system 7 
includes a verification electronic control unit (ECU) 8, which 
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verifies an ID code of the wireless key 6, and a power man 
agement ECU 9, which manages the power for various elec 
tric devices in the vehicle 1. The ECUs 8 and 9 are connected 
by an in-vehicle bus 10 to the hybrid system 4. The verifica 
tion ECU 8 is connected to a receiver 11 that receives radio 
waves in the ultra-high frequency (UHF) band. A door lock 
motor 12 is connected to the power management ECU 9. The 
door lock motor 12 serves as a drive source for a door locking 
device that locks and unlocks a vehicle door. 

0028. The wireless key 6 includes buttons 13. When any 
one of the buttons 13 is operated, the wireless key 6 transmits 
a wireless signal Sw1, which is in accordance with the oper 
ated button 13, on the UHF radio wave. The wireless signal 
Sw1 includes the ID code of the wireless key 6 and a function 
code of the operated button 13. The verification ECU 8 per 
forms ID verification (wireless verification) on the ID code in 
the wireless signal Sw1 received in the receiver 11. When the 
verification is successful, the verification ECU 8 locks or 
unlocks the vehicle doors with the power management ECU 
9. 

0029. The vehicle 1 includes a charge system 14 that 
charges the battery 5 with an external power supply. The 
external power Supply may be a charging facility 15. Such as 
a charging station or a household commercial power Supply. 
Further, the charge system 14 includes a power plug 17. 
which is arranged on a distal end of a charge cable 16 extend 
ing from the charging facility 15. The charge system 14 
charges the battery 5 through the power plug 17 that is con 
nected to the vehicle 1. 

0030. As illustrated in FIG. 2, a vehicle body 18 of the 
vehicle 1 includes a lid 20 that covers a power port 19. The 
power port 19 includes an accommodation box 21. The lid 20 
and various components of the power port 19 are arranged in 
the accommodation box 21. 

0031. An inlet 22, which receives the power plug 17, is 
coupled by fasteners (not illustrated) to a generally central 
part of the accommodation box 21. The inlet 22 includes a 
central hole 24. A power receiving connector 23 extending 
from the vehicle body 18 is arranged in the central hole 24. 
The power receiving connector 23 includes a plurality of 
terminals (power terminals, control terminals, and the like). 
Referring to FIG. 1, the inlet 22 includes a plug connection 
detection sensor 25 that detects complete fitting of the power 
plug 17 to the power receiving connector 23. 
0032 Referring to FIGS. 3A and 3B, the power plug 17 
includes power Supplying terminals of the charge system 14. 
The terminals of the power plug 17 are electrically connected 
to the terminals of the power receiving connector 23. The 
power plug 17 includes a plug body 26. A pivotal lock arm 27 
is coupled to the plug body 26. The lock arm 27 includes a 
distal hook 28 and a basalarm operation portion 29, which are 
exposed from the plug body 26. An urging member 30 is 
arranged near the arm operation portion 29 to constantly urge 
the lock arm 27 in a closing direction. 
0033. To connect the power plug 17 to the power receiving 
connector 23, the power plug 17 is fitted straight into the 
power receiving connector 23. A catch 31 including a sloped 
surface 32 is formed on an upperportion of the inlet 22. As the 
hook 28 comes into contact with the catch 31, the sloped 
surface 32 guides the lock arm 27 and moves the lock arm 27 
upward. When the power plug 17 is completely fitted to the 
inlet 22, the urging force of the urging member 30 lowers and 
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closes the lock arm 27. This hooks the hook 28 to the catch 31 
and prevents separation of the power plug 17 from the inlet 
22. 
0034. When the hybrid system 4 determines with the plug 
connection detection sensor 25 that the power plug 17 has 
been connected, the hybrid system 4 starts charging the bat 
tery 5 with the power plug 17 (charging facility 15). When the 
hybrid system 4 determines that the battery 5 has been fully 
charged, the hybrid system 4 stops delivering power with the 
power plug 17. To remove the power plug 17 from the power 
receiving connector 23 after the charging ends, the arm opera 
tion portion 29 is pushed to open and release the lock arm 27 
from the catch 31. In this state, the power plug 17 is pulled out 
straight from the power receiving connector 23 and removed 
from the vehicle 1. 
0035) Referring to FIGS.4 and 5, the accommodation box 
21 in the power port 19 includes a power plug locking device 
33 that prevents unauthorized removal of the power plug 17 
from the power receiving connector 23. The power plug lock 
ing device 33 is operated when a manual lock operation is 
performed to switch to a lock state and when a vehicle door 
unlock operation and a manual unlock operation are per 
formed to Switch to an unlock state. 
0036. The power plug locking device includes a box 
shaped case 34. The case 34 accommodates components of 
the power plug locking device 33. In the illustrated example, 
the case 34 includes a box-shaped lock body 35, a plate 
shaped cover 36, and fasteners 37, which fasten the lock body 
35 and the cover 36. The lock body 35 is fastened to the 
accommodation box 21. This fixes the power plug locking 
device 33 to the accommodation box 21. A recess 38 is 
arranged in a front side of the lock body 35 to allow for the 
passage of the lock arm 27 when the power plug 17 is con 
nected to and removed from the inlet 22. 
0037. A seal 39 is arranged between the lock body 35 and 
the cover 36 to hermetically seal the interior of the case 34. 
The seal 39 is, for example, an O-ring. 
0038 A cylindrical lock button 40, which is operated 
when Switching to a lock state, is coupled to the front side of 
the lock body 35. The lock button 40 is fitted into a button 
socket 41 formed in the lock body 35. The lockbutton 40 is 
linearly movable and has a distal end exposed from the lock 
body 35. An urging member 42 is arranged between a basal 
end of the lockbutton 40 and an inner wall of the lock body 35 
to outwardly urge the lockbutton 40. The urging member 42 
is, for example, a coil spring. The lockbutton 40 forms a lock 
operation member. 
0039. A generally cylindrical lock bar 43 is coupled to the 
lock button 40 to prohibit opening of the lock arm 27. The 
lock bar 43 is rotatable about its axis La. The lock body 35 
includes a lock bar socket 44, which receives the lock bar 43 
extending in a sideward direction as viewed in FIG. 4. The 
lock bar 43 includes a basal end arranged in the case 34 and a 
distal end arranged outside the case 34. The distal end of the 
lock bar 43 includes a hooking pin 45, which is engaged with 
an elongated hole 46 arranged on the lock button 40. The 
elongated hole 46 and the hooking pin 45 convert the linear 
motion of the lockbutton 40 into rotational motion of the lock 
bar 43 about the axis La. The lockbar 43 corresponds to a lock 
member. 

0040. The lock bar 43 includes a cutout 47 formed by 
cutting out a triangular part from the lock bar 43. As illus 
trated in FIGS. 6 and 7, when the cutout 47 of the lock bar 43 
faces the upper surface of the lock arm 27, the lock bar 43 
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permits opening of the lock arm 27 (unlock state). As illus 
trated in FIGS. 8 and 9, when the part of the lock bar 43 
excluding the cutout 47, namely, a cylindrical wall 48, faces 
the upper surface of the lock arm 27, the lock bar 43 prohibits 
opening of the lock arm 27 (lock state). 
0041 As illustrated in FIG. 4, a seal 49 is arranged 
between the lock bar 43 and the lock bar socket 44 to her 
metically seal the interior of the case 34. The seal 49 is, for 
example, an annular lip seal. 
0042 A rotation member 50, which rotates integrally with 
the lock bar 43, is coupled to the basal end of the lock bar 43. 
The rotation member 50 includes a triangular plate, which 
extends in a direction intersecting the axis La of the lock bar 
43, and a D-shaped coupling groove 51. The coupling groove 
51 receives an engagement projection 43a of the lock bar 43. 
This integrates the rotation member 50 with the lock bar 43. 
The lock button 40 is pushed toward a retracted position to 
rotate the rotation member 50 with the lock bar 43 in a lock 
direction (direction of arrow K1 in FIG. 3). When the lock 
button 40 is moved toward a projected position, the rotation 
member 50 rotates with the lock bar 43 in an unlock direction 
(direction of arrow S1 in FIG. 4). 
0043. A lock link 52 is arranged in the case 34 to cooperate 
with the rotation member 50 and hold the lock bar 43 at a lock 
position. The lock link 52 is supported by a link pin 52a 
pivotally about the axis Lb of the link pin 52a. As illustrated 
in FIG.4, pivoting directions of the lock link 52 (S2 and K2) 
intersect with the pivoting directions of the rotation member 
50 (S1 and K1). An urging member 53 is coupled to the lock 
link 52 to constantly urge the lock link 52 in a lock direction. 
The urging member 53 is, for example, a torsion spring. The 
lock link 52 is pivoted in the lock direction (direction of arrow 
K2 in FIG. 4) by the urging force of the urging member 53 and 
pivoted in the unlock direction (direction of arrow S2 in FIG. 
4) against the urging force of the urging member 53. The lock 
link 52 corresponds to a link member. 
0044) The lock link 52 includes a restriction portion 54, 
which restricts pivoting of the rotation member 50 in the 
unlock direction caused by the urging member 42. As illus 
trated in FIGS. 9A and 9B, when the lockbutton 40 is pushed 
and the rotation member 50 is pivoted in the lock direction, 
the lock link 52 is released from the rotation member 50 and 
pivoted in the lock direction by the urging force of the urging 
member 53. In this state, the restriction portion 54 is arranged 
between the case 34 and the rotation member 50 to hold the 
lock bar 43 in a lock state. The lock link 52 includes a gear 55 
located on the opposite side of the restriction portion 54. The 
gear 55 includes teeth that are arranged in the rotation direc 
tion of the lock link 52. 
0045. As illustrated in FIGS. 4 to 9, the gear 55 is coupled 
to a power plug lock motor 56. The power plug lock motor 56 
is driven when the lockbar 43 is switched between a lock state 
and an unlock state. The power plug lock motor 56 includes a 
motor shaft arranged in a Yaxis direction. A gear 57, which is 
arranged on a distal end of the motor shaft, is engaged with the 
gear 55 of the lock link52. The power plug lock motor 56 may 
be a DC motor connected, for example, by a harness 58 to a 
power supply +B of the vehicle 1. When the power plug lock 
motor 56 produces rotation, the lock link 52 rotates in a 
direction opposite to the rotation direction of the power plug 
lock motor 56. The power plug lock motor 56 corresponds to 
a drive source. 

0046. As illustrated in FIGS. 1, 2, 4, and 5, an unlock 
switch 59 is arranged in the front side of the lock body 35. The 
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unlock switch 59 is operated to switch the power plug locking 
device 33 to an unlock state. The unlock switch 59 includes a 
head 60, which is exposed to the exterior from the case 34, and 
a Switch contact 61, which is accommodated in the case 34. 
When the unlock switch 59 is pushed in a state in which the 
vehicle doors are unlocked, the power plug locking device 33 
is Switched from a lock State to an unlock state. 
0047. As illustrated in FIG. 1, a door lock position switch 
62 is arranged in the vehicle body 18 to detect whether the 
vehicle doors are locked or unlocked. When the wireless key 
6 unlocks the vehicle doors through remote control and when 
a mechanical key mechanically unlocks the vehicle doors, the 
door lock position switch 62 is activated. The door lock 
position Switch 62 corresponds to a door sensor. 
0048. The power plug locking device 33 includes an acti 
vation circuit 63 that performs an unlock operation with the 
power plug locking device 33 when the unlocked state of the 
vehicle doors and the operation of the unlock switch 59 are 
both detected. The activation circuit 63 includes a first switch 
ing element 64, which is formed by, for example, a field effect 
transistor (FET). The first switching element 64 includes a 
Source terminal connected to the power Supply +B, a drain 
terminal connected by a resistor 65 to ground, and a gate 
terminal connected by a voltage division circuit 66 to the door 
lock position switch 62. The activation circuit 63 corresponds 
to an unlock circuit. 
0049. The activation circuit 63 includes an AND circuit 
67. The AND circuit 67 includes one input terminal con 
nected by the first switching element 64 to the door lock 
position Switch 62 and another input terminal connected by a 
voltage dividing circuit 68 to the unlock switch 59. In the 
illustrated example, one input terminal of the AND circuit 67 
is connected to anode P1 between the resistor 65 and the drain 
terminal of the first switching element 64, and the other input 
terminal of the AND circuit 67 is connected to a node P2 
between resistors in the voltage dividing circuit 68. 
0050. The output terminal of the AND circuit 67 is con 
nected by a Voltage dividing circuit 69 to a second Switching 
element 70. The second switching element 70 includes a drain 
terminal connected to the power plug lock motor 56, a source 
terminal connected to ground, and a gate terminal connected 
to a node P3 between resistors in the voltage dividing circuit 
69. 

0051. The unlock switch 59 includes a timer circuit 71 that 
sets the ON time of the unlock Switch 59. When the State in 
which the head 60 is pushed reaches the ON time, the timer 
circuit 71 ends the ON State of the unlock Switch 59. In a 
preferred example, the timer circuit 71 activates the switch 
contact 61 after sufficient time for ending the unlock opera 
tion of the power plug locking device 33 elapses from when 
the head 60 is pushed. 
0.052 The operation of the power plug locking device 33 
will now be described with reference to FIGS. 6 to 10. 
0053. The unlock state of the power plug locking device 
33 will now be described with reference to FIGS. 6 and 7. 
When the power plug locking device 33 is in the unlock state, 
the lockbutton 40 is located at an initial state projected from 
the case 34 by the urging force of the urging member 42. 
Further, the cutout of the lock bar 43 faces the catch 31 
(unlock position), and the lock arm 27 is pivotal. In this state, 
a user can connect the power plug 17 to the inlet 22 and 
remove the power plug 17 from the inlet. 
0054 As illustrated in FIGS. 7A and 7B, when the lockbar 
43 is arranged at the unlock position, the rotation member 50 
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is located at an unlock position in contact with an inner wall 
34a of the case 34. In this case, the restriction portion 54 of the 
lock link 52 is supported by a triangular wall surface 50a of 
the rotation member 50. This restricts rotation of the rotation 
member 50 in the lock direction and holds the power plug 
locking device 33 in the unlock state. 
0055. After the power plug 17 is connected to the inlet 22, 
to switch the power plug locking device 33 from the unlock 
state to the lock state, the user pushes the lock button 40, 
which is located at the initial position, against the urging force 
of the urging member 42. The pushing of the lock button 40 
integrally pivots the lockbar 43 and the rotation member 50 in 
the lock direction (direction of arrow K1 in FIG. 7A). 
0056 Referring to FIG. 9, when the lock button 40 is 
pushed until the rotation member 50 contacts the inner wall 
surface 34b of the case 34, the lock bar 43 is rotated by about 
60 degrees. In this state, the cylindrical wall 48 of the lock bar 
43 faces the upper surface of the lock arm 27. Thus, the lock 
bar 43 restricts the opening of the lock arm 27, which is 
hooked to the catch31. In this manner, the power plug locking 
device 33 is in a lock state and the power plug 17 is fixed to the 
inlet 22. 
0057. When the rotation member 50 is rotated to the lock 
position, the lock link 52 is released from the wall surface 50a 
of the rotation member 50. Thus, the urging force of the 
urging member 53 rotates the lock link 52 in the lock direction 
(direction of arrow K2 in FIG. 7(b)). 
0058 Referring to FIG. 9(b), when the lock link 52 is 
rotated by about 45 degrees and the restriction portion 54 
comes into contact with the inner wall surface 34c of the case 
34, the lock link 52 is arranged between the case 34 and the 
rotation member 50. The lock link 52 disables rotation of the 
rotation member 50. Thus, the power plug locking device 33 
is held in a lock state. 
0059. Then, when, for example, the charging of the battery 
5 ends, to switch the power plug locking device 33 from the 
lock state to the unlock state, the user unlocks the vehicle 
doors through remote control with the wireless key 6 or a 
mechanical operation with the mechanical key (not illus 
trated). When the vehicle doors are unlocked, the door lock 
position switch 62 is activated, the first switching element 64 
is activated, and the level of the switch signal provided to one 
of the input terminals of the AND circuit 67 shifts to an H 
level. 

0060. After the vehicle doors are unlocked, the user 
pushes the unlock switch 59. This shifts the signal level of the 
switch signal provided to the other input terminal of the AND 
circuit 67 to an H level. Thus, the AND circuit 67 outputs an 
H level output signal from the output terminal. The H level 
output signal activates the second Switching element 70 so 
that current I flows to the power plug lock motor 56. Thus, the 
power plug lock motor 56 produces rotation. 
0061 Referring to FIGS. 10A and 10B, the rotation of the 
power plug lock motor 56 is transmitted by the gears 55 and 
57 to the lock link 52, and the lock link 52 starts to rotate 
against the urging force of the urging member 53 in the unlock 
direction (direction of arrow S2 in FIG. 10A). The lock link 
52 rotates until coming into contact with the inner wall sur 
face 34d of the case 34. 
0062 Referring to FIG. 10B, when the lock link 52 is 
rotated in the unlock direction to a release position, the rota 
tion member 50 is released from the lock link 52, which has 
been restricting the position of the rotation member 50. Thus, 
the urging force of the urging member 42 starts to rotate the 
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rotation member 50 in the unlock direction (direction of 
arrow S1 in FIG. 10(b)) with the lock bar 43. The rotation of 
the rotation member 50 in the unlock direction rotates the lock 
bar 43 to the unlock position and returns the lockbutton 40 to 
the initial position. This returns the power plug locking device 
33 to the unlock state. 
0063. In this manner, when the unlocking of the vehicle 
doors and the pushing of the unlock switch 59 are both 
detected, the power plug locking device 33 switches to the 
unlock state. Thus, the power plug locking device 33 is not 
simply switched to the unlock state when the vehicle doors 
are unlocked. Rather, the unlock switch 59 is pushed in a state 
in which the vehicle doors are unlocked to switch the power 
plug locking device 33 to the unlock state. 
0064. As a result, when switching the power plug locking 
device 33 to the lock state in a state in which the vehicle doors 
are unlocked, the user does not have to go to the trouble of 
locking the vehicles doors and then unlocking the vehicle 
doors again. The user just operates the unlock switch 59 to 
switch the power plug locking device 33 to the unlock state. 
Further, as long as the power plug locking device 33 is in a 
locked state, even if the vehicle doors are unlocked, the power 
plug locking device 33 does not perform an unlock operation. 
Thus, the power plug locking device 33 is not switched to the 
unlock state unless the user intends to do so. 
0065 (1) In the illustrated example, the power plug lock 
ing device 33 switches to the unlock state when the activation 
circuit 63 detects that the vehicle doors are unlocked and, at 
the same time, the unlock switch 59 has been pushed. Thus, 
the power plug locking device 33 is unlocked when the user 
intends to do so. 
0.066 (2) In the illustrated example, the power plug lock 
ing device 33 is switched to the lock state when the lock 
button 40 is manually operated. Thus, the power plug locking 
device 33 is locked when the user intends to do so. 
0067 (3) In the illustrated example, the activation circuit 
63, which drives the power plug lock motor 56 in accordance 
with the switch signals provided from the door lock position 
switch 62 and the unlock switch 59, is a simple hardware 
including the AND circuit 67 and the switching elements 64 
and 70. Thus, the power plug locking device 33 has a rela 
tively simple structure. 
0068 (4) When the lock button 40 is pushed and the lock 
bar 43 is rotated in the lock direction, the lock link 52, which 
has been supported by the rotation member 50 from beside, is 
released from the rotation member 50. Then, the urging force 
of the urging member 53 moves the lock link 52 in the lock 
direction into between the case 34 and the rotation member 
50. This switches the power plug locking device 33 to the lock 
state. In this manner, the power plug locking device 33 is 
Switched to the lock state through a mechanical operation. 
This ensures that the power plug locking device 33 switches 
to the lock state. 

0069. The second embodiment will now be described cen 
tering on differences from the first embodiment. The second 
embodiment differs from the first embodiment in that the lock 
operation and unlock operation both use the same lockbutton 
40. Otherwise, the second embodiment is basically the same 
as the first embodiment. 
(0070 Referring to FIG. 11, the unlock switch 59 (may be 
only the Switch contact 61), which detects an unlock opera 
tion, is arranged in the case 34 where it contacts the pushed 
lock button 40. In another example, the lock button 40 may 
include a holding mechanism 81 that holds the lockbutton 40 
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at a lock position. The holding mechanism 81 temporarily 
holds the lock button 40, which is pushed from the initial 
position, at the lock position. When the lock button 40 is 
further pushed from the lock position, the holding mechanism 
81 allows for the lock button 40 to move to an over-stroke 
position. 
0071 Referring to FIG. 11A, when switching the power 
plug locking device 33 to the lock state, the user pushes the 
lock button 40 from the initial position. This pivots the rota 
tion member 50 and the lock link 52 and switches the power 
plug locking device 33 to the lock state. Referring to FIG. 
11B, when the power plug locking device 33 is switched to 
the lock state, the lock button 40 reaches the lock position. 
The holding mechanism 81 holds the lock button 40 at the 
lock position. 
0072 Referring to FIG. 11B, when switching the power 
plug locking device 33 to the unlock state from the lock state, 
the user pushes the lock button 40 further from the lock 
position. When the lock button 40 reaches the over-stroke 
position, the lock button 40 activates the unlock switch 59 
(switch contact 61). In this case, when the vehicle doors are 
unlocked, the power plug locking device 33 switches to the 
unlock state. Further, when the lock button 40 reaches the 
over-stroke position, the holding mechanism 81 releases the 
lockbutton 40. This returns the lockbutton 40 to the initial 
position. 
0073 FIGS. 12A and 12B illustrate an example that 
includes a push operation detection switch 82 that detects 
whether the lockbutton 40 is located at the lock position. The 
push operation detection Switch 82 may be arranged, for 
example, along the path of the lock button 40. The push 
operation detection switch 82 is also referred to as a switch 
that detects whether the power plug locking device 33 is in the 
lock state. 
0074. In the examples of FIGS. 12A and 12B, the power 
plug locking device 33 includes an unlock operation control 
unit 83 that controls unlock operations. The unlock operation 
control unit 83 controls the unlock operation of the power 
plug locking device 33 in accordance with Switch signals 
from the door lock position switch 62, the unlock switch 59. 
and the push operation detection switch 82. The unlock 
operation control unit 83 monitors the elapsed time from 
when the push operation detection switch 82 is activated to 
when the unlock switch 59 is activated to control the unlock 
operation. 
0075 When switching the power plug locking device 33 to 
the lock state, the user pushes the lock button 40, which is 
located at the initial position as illustrated in FIG. 12A. The 
push operation detection switch 82 is activated. However, the 
unlock switch 59 is not immediately activated afterward. 
Thus, when an ON signal is not received from the unlock 
switch 59 within a predetermined time from when an ON 
signal is received from the push operation detection Switch 
82, the unlock operation control unit 83 determines that a lock 
operation has been performed. In this case, the unlock opera 
tion control unit 83 does not permit activation of the power 
plug lock motor 56 and permits Switching to the lock State. 
0076. When switching the power plug locking device 33 to 
the unlock state, the user further pushes the lock button 40 
from the lock position illustrated in FIG. 12B. This activates 
the unlock switch 59 with the lock button 40. The unlock 
operation control unit 83 receives an ON signal from the push 
operation detection switch 82 and an ON signal from the 
unlock switch 59. Thus, the unlock operation control unit 83 
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determines that an unlock operation has been performed. In 
this case, the unlock operation control unit 83 permits activa 
tion of the power plug lock motor 56 and permits switching to 
the unlock state. 
0077. In addition to advantages (1) to (4) of the first 
embodiment, the second embodiment has the following 
advantage. 
0078 (5) The same lockbutton 40 is used in a lock opera 
tion and an unlock operation. This reduces component costs 
of the power plug locking device 33 and allows for miniatur 
ization of the power plug locking device 33. 
0079. It should be apparent to those skilled in the art that 
the present invention may be embodied in many other specific 
forms without departing from the spirit or scope of the inven 
tion. Particularly, it should be understood that the present 
invention may be embodied in the following forms. 
0080. The condition for starting the charging of the battery 
5 can be changed. For example, charging may be started when 
the plug connection detection sensor 25 detects fitting of the 
power plug 17 to the power receiving connector 23 and the ID 
verification of the wireless key 6 is successful. 
I0081. The charging of the battery 5 may be stopped by a 
Switch arranged in the vehicle. 
I0082. The electronic key system is not limited to the wire 
less key system 7. For example, the electronic key system 
may be a key-operation-free system, which performs ID veri 
fication by performing narrow range communication (com 
munication range of several meters) when receiving a signal 
from the vehicle 1, or a near field communication verification 
system, which performs near field communication. 
I0083. The wireless key system 7 may be a power slide door 
system. 
I0084. The unlock switch 59 is not limited to a push type 
Switch and may be, for example, a slide Switch, which 
includes a slideable knob, or a rotary switch, which includes 
a rotational knob. 
I0085. The lock member is not limited to a single compo 
nent like the lockbar 43 and may be, for example, a mechani 
cal assembly formed by a plurality of components. 
I0086. The drive source is not limited to a motor and may 
be, for example, a Solenoid. 
I0087. The unlock switch 59 (switch contact 61) and the 
door lock position switch 62 do not have to be of a contact 
type and may be of a non-contact type, Such as a magnetic 
sensor or an optical sensor. 
I0088. The power plug locking device 33 does not have to 
be manually switched to the lock state. For example, the 
power plug locking device 33 may be switched to the lock 
state when the vehicle doors are locked. 

I0089. The lock member is not limited to a rotatable cylin 
drical member like the lock bar 43. For example, the lock 
member may be a pivotal triangular member. Further, the lock 
member may be a member that slides linearly. 
0090 The structure of the power plug locking device 33 is 
not limited to that described in the above embodiments and 
may be varied as long as it Switches to an unlock state when 
the unlocking of a vehicle door and the manual operation of 
an unlock switch are both detected. 
(0091. The vehicle is not limited to a hybrid vehicle and 
may be, for example, an electric Vehicle powered by a motor. 
0092. The unlock circuit is not limited to the activation 
circuit formed by electric elements (AND circuits, resistors, 
Switching elements, etc.). For example, the unlock circuit 
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may be a control circuit (integrated circuit) that includes a 
CPU or the like and controls the power plug lock motor 56. 
0093. The signal provided to one terminal of the AND 
circuit is not limited to the detection signal from the door lock 
position Switch 62 as long as the signal indicates whether a 
vehicle door is locked or unlocked. 
0094. The present examples and embodiments are to be 
considered as illustrative and not restrictive, and the invention 
is not to be limited to the details given herein, but may be 
modified within the scope and equivalence of the appended 
claims. 

1. A power plug locking device arranged in a vehicle, the 
power plug locking device comprising: 

a lock member moved between a lock position, in which 
the lock member prohibits removal of a power plug from 
a vehicle inlet, and an unlock position, in which the lock 
member permits removal of the power plug from the 
vehicle inlet; 

a drive source activated to move the lock member from the 
lock position to the unlock position; 

an unlock Switch manually operated to move the lock 
member to the unlock position; and 

an unlock circuit that activates the drive source to move the 
lock member to the unlock position when the operation 
of the unlock switch and an unlock state of a vehicle door 
are both detected. 

2. The power plug locking device according to claim 1, 
further comprising a lock operation member manually oper 
ated when Switching the power plug locking device to a lock 
state, wherein the manual operation of the lock operation 
member mechanically moves the lock member to the lock 
position. 

3. The power plug locking device according to claim 1, 
wherein 

the unlock circuit includes an AND circuit that receives a 
Switch signal from the unlock Switch and a Switch signal 
from a door sensor, which detects when the vehicle door 
is in the unlock state, and 

the unlock circuit drives the drive source in accordance 
with a signal output from the AND circuit when the two 
Switch signals have levels indicating that the unlock 
switch has been operated and that the vehicle door is in 
the unlock state. 

4. The power plug locking device according to claim 2, 
further comprising: 

a rotation member rotated with the lock member; 
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a link member that contacts the rotation member to hold the 
lock member at the lock position; and 

an urging member that urges the link member in a lock 
direction, wherein 

the rotation member maintains the power plug locking 
device in the unlock state by restricting movement of the 
link member in the lock direction caused by the urging 
member when the lock member is located at the unlock 
position, and 

the rotation member permits movement of the link member 
when the lock member and the rotation member are 
manually operated and moved in the lock direction 
thereby maintaining the power plug locking device in 
the lock State as urging force of the urging member 
moves the link member in the lock direction into contact 
with the rotation member. 

5. The power plug locking device according to claim 2, 
wherein the lock operation member activates the unlock 
switch. 

6. The power plug locking device according to claim 1, 
wherein 

the lock member, when located at the lock position, is 
engaged with the power plug when the power plug is 
connected to the vehicle inlet, and 

the unlock circuit moves the lock member from the lock 
position to the unlock position by activating the drive 
source when the operation of the unlock switch and the 
unlock state of a vehicle door are both detected. 

7. A power plug lock device used with a vehicle inlet 
connected to a power plug that Supplies a vehicle with power, 
the power plug lock device comprising: 

a lock member moved between a lock position, which 
prohibits removal of the power plug from the vehicle 
inlet, and an unlock position, which permits removal of 
the power plug from the vehicle inlet; 

a drive source activated when the lock member is moved 
from the lock position to the unlock position; 

an unlock Switch that outputs an unlock signal when the 
lock member is manually moved to the unlock position; 
and 

an unlock circuit that is coupled to the unlock Switch and 
the drive source and activates the drive source to move 
the lock member to the unlock position upon receipt of 
the unlock signal from the unlock switch when a vehicle 
door is unlocked. 
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